The basic helix-loop-helix (bHLH) class of transcription factors have been linked to a variety of cellular differentiation processes, including myogenesis, neurogenesis and hematopoiesis. Here we report the cloning of a new member of this family of factors, capsulin. Capsulin was shown to be expressed as early as 9.5 days of mouse development, with expression in mesodermal cells that are progenitors of the epicardium and the coronary arteries. At later stages of development, expression is seen in mesenchymal cells that are closely associated with the epithelium of the developing lung, gut and kidney. In the proepicardial organ, and in the organs where it is expressed in later development, Capsulin is expressed in cells that give will give rise to smooth muscle. Given the likely expression of Capsulin in smooth muscle cell progenitors, and significant sequence similarity through the bHLH domain, capsulin may be a functional ortholog of a Drosophila gene that is expressed in cells that give rise to the longitudinal visceral muscle. Capsulin alone or in combination with other bHLH proteins, was shown to function as a transcription factor by its ability to transactivate both a synthetic and a native promoter, each of which contains multiple E-boxes. These studies extend the growing family of bHLH factors that are expressed in the early mesoderm, and suggest that capsulin may have a functional role in development of the coronary vasculature and organs containing epithelial lined tubular structures.
Introduction
Embryonic development may be viewed as a series of progressive commitments toward a single final phenotype for each cell of the organism. In general, these steps are the result of signaling between cells, employing soluble factors and molecules deposited in the extracellular matrix. These extracellular signals are conveyed to the nucleus, where they activate a specific genetic program, with specificity being determined by the selective choice of transcription factors activated, and the specific group of genes that are regulated by these transcription factors. One class of transcription factors that has been shown to regulate early developmental events such as lineage commitment and cellspecific gene expression are those belonging to the basic helix-loop-helix (bHLH) family. Among the most extensively-studied processes mediated by bHLH factors are neurogenesis and mesodermal development in Drosophila, and skeletal myogenesis and hematopoietic development in mammals (Jan and Jan, 1993a,b; Olson and Klein, 1994; Weintraub, 1993) .
bHLH factors are named for their functional domains (Murre et al., 1989; Voronova and Baltimore, 1990; Ellenberg et al., 1994; Ma, 1994) . The helix-loop-helix motif is composed of two segments capable of forming amphipathic alpha helices, separated by a loop region of variable length. Immediately amino-terminal to the HLH domain is a basic region that mediates DNA binding. Cell-specific factors (Class B proteins, e.g. MyoD) combine with ubiquitous bHLH factors (Class A proteins, e.g. daughterless, E12, HEB) and the two basic regions form a bipartite DNA-binding domain (Voronova and Baltimore, 1990; Ellenberg et al., 1994; Ma, 1994) . Cell-specific factors are unable to bind DNA when they partner with negative HLH factors which lack a basic domain (e.g. extramacrochaetae, Id1, Id2, Id3) (Benezra et al., 1990; Christy et al., 1991; Jan and Jan, 1993b) . bHLH factors bind canonical E-box sequences (CANNTG) through interactions with conserved basic region amino acids.
Recent cloning experiments have characterized a family of bHLH factors that are homologous to twist, and which are expressed in unique patterns in the early mesoderm . The first such factor to be identified was bHLH-EC2 (paraxis, meso-1) (Quertermous et al., 1994; Blanar et al., 1995; Burgess et al., 1995) . This bHLH factor is expressed in all mesoderm at the primitive streak stage, with expression subsequently becoming restricted to the paraxial mesoderm and then to the cells of the forming somites. A related factor, scleraxis, is expressed in the mesodermal precursors of the axial and appendicular skeleton (Cserjesi et al., 1995a) . Another related factor, dermo-1, is expressed in the dermatome in cells that give rise to the skin (Li et al., 1995) .
Here we report the cloning of an additional member of this family of bHLH factors, capsulin. Capsulin is expressed as early as 9.5 days of development in the mouse, with highlevel expression marking the progenitor cells of the epicardium. These cells, which originate from somatopleural cells of the septum transversum, are fated to migrate over the surface of the heart where they form the visceral pericardium and give rise to the vascular cells of the coronary circulation. Subsequently, Capsulin expression is seen in mesenchymal cells closely apposed to the epithelia of the gut, lung and kidney. In vitro transfection experiments reveal that capsulin can bind to cognate E-box sequences, and that it is capable of activating transcription from promoter regions that are expressed during development. These data suggest that this novel transcription factor has a role in organogenesis of the heart as well as epithelial-lined tubular structures.
Results

Sequence analysis of bHLH clones
Nucleotide sequence analysis of the cDNA clones revealed an open reading frame encoding a protein composed of 179 amino acids (Fig. 1) . The deduced amino acid sequence revealed a region of homology to the 'helix-loophelix' domain associated with a class of transcription factors commonly involved in embryonic developmental processes (Jan and Jan, 1993a,b; Weintraub, 1993; Olson and Klein, 1994; Porcher et al., 1996) . Immediately amino-terminal to the HLH domain of capsulin is an arginine-rich sequence, suggesting that the encoded capsulin protein, like other HLH proteins with this feature, is capable of binding DNA (Murre et al., 1989; Voronova and Baltimore, 1990) . Capsulin is thus a member of the basic helix-loop-helix (bHLH) family of transcription factors, and is likely to regulate transcription through interaction with members of the class A obligate heterodimer group of such factors to allow binding of specific cognate promoter sequences.
The conceptual capsulin protein has a high degree of sequence similarity to the other factor cloned in this screen, bHLH-C6, with these two factors containing identical bHLH domains (Fig. 1) . Searches of DNA and protein databases employing the full amino acid sequence of capsulin surprisingly revealed that the bHLH factor with the greatest homology to this shared bHLH domain is encoded by a gene recently characterized in Drosophila. This gene, bHLH102C (the name bHLH102C has been changed to bHLH54F), has been shown to be expressed in cells that give rise to the longitudinal visceral muscle of the gut in this model organism (Georgias et al., 1997) . While this restricted pattern of development argues for a role in early determination of this tissue, there is as yet no definitive functional proof for this hypothesis. Sequence similarity was also noted to the gene used as a probe in the low stringency screen, bHLH-EC2 (Quertermous et al., 1994; Blanar et al., 1995; Burgess et al., 1995) . A more distantly-related gene, dHAND, is expressed in the embryonic mesoderm, and derivatives of the neural crest (Hollenberg et al., 1995; Srivastava et al., 1995) . A group of genes that have been characterized through their association with hematological malignancies also show significant sequence similarity, and one of these, Tal2 is shown (Xia et al., 1991) . All of these genes share sequence homology through the bHLH domain with twist, and the murine Mtwist sequence is included in the alignment (Wolf et al., 1991) .
To investigate further the relationship of representative members of this subgroup of the bHLH family of transcription factors, the conceptual protein sequences were subjected to phylogenetic analysis. The relationship of the full protein sequences and the relationship of the bHLH domains was evaluated with the Molecular Evolutionary Genetics Analysis (MEGA) software package (Kumar et al., 1993) . Results of analysis employing the entire protein sequence indicate that capsulin is most closely related to bHLH-C6, as suggested by the amino acid similarity outside of the bHLH domain (Figs. 1 and 2A and data not shown). Such similarity suggests that these two genes probably arose from a single ancestral gene through a recent duplication event. Capsulin is more distantly related to the other bHLH proteins employed in the analysis. The mouse sequences cluster together and the Drosophila protein bHLH-102c appears overall most distantly related. eHAND is the next most distant from capsulin and the remaining bHLH factors. Interestingly, when the same analysis is restricted to the bHLH domains, bHLH-102c clusters with capsulin and bHLH-C6. Amino acid identities are shown as boxes while conservative amino acid replacements are shown by shading. Conceptual protein sequence is shown for murine capsulin, a highly related murine bHLH factor cloned in this laboratory (bHLH-C6), a Drosophila gene that is expressed in visceral smooth muscle cells (bHLH102c), murine bHLH-EC2 (paraxis, meso-1), murine TAL2, murine eHAND and murine twist (Wolf et al., 1991; Xia et al., 1991; Quertermous et al., 1994; Blanar et al., 1995; Burgess et al., 1995; Cross et al., 1995; Cserjesi et al., 1995b; Hollenberg et al., 1995; Srivastava et al., 1995; Georgias et al., 1997) .
RNA blot experiments
To evaluate the developmental pattern of expression of this gene, mRNA levels of Capsulin were examined by Northern analysis. Poly(A+) RNA was extracted from a developmental series of staged mouse embryos, and from pooled organs dissected from murine embryos at 15.5 days post coitum (dpc). These RNA samples were hybridized to a random-primed Capsulin 3′-untranslated probe, and relative quantitation of RNA loading was performed by a second hybridization of the blots to a chicken b-actin probe. These experiments indicated that Capsulin is expressed as early as 9.5 dpc, with expression peaking at approximately 15.5 dpc, and persisting into late gestation (Fig. 3A) . There was less hybridization to the lane containing RNA from the 11.5 dpc embryo, but this was due to loading of less RNA as indicated by the hybridization to the b-actin probe. Analysis of RNAs derived from various organs at 15.5 dpc indicated that Capsulin expression is highest in lung, kidney and intestine (Fig. 3B) . A low level of expression was also seen in the heart at this stage of development.
Tissue-specific expression of Capsulin was evaluated by Northern analysis of total RNA samples isolated from adult mouse organs. Interestingly, a high level of expression was seen in a number of adult tissues (Fig. 4) . Most prominent were the lung and ovary, with lower levels also observed in the heart, spleen, kidney, intestine and uterus.
In situ hybridization
In situ hybridization was employed to define the cellspecific pattern of expression during mouse development. A 500-base cRNA probe labeled with [a 33 P]UTP and encoding the 3′ untranslated region of the mouse Capsulin transcript was hybridized to sections of staged mouse embryos as previously described (Hogan et al., 1986; Quertermous et al., 1994) . A similarly labeled sense probe was employed as a negative control in these experiments. Specific hybridization was detected in a discrete group of cells posterior to the heart at 9.5 dpc ( Fig. 5A-H) . These cells have a characteristic vesicular appearance, and can be differentiated from the surrounding mesoderm by their shape as well as by their expression of Capsulin. In some sections, these cells were seen to contact the posterior portion of the folding heart tube, and small isolated clumps of the cells identified on the surface of the heart. These cells, which were identified by their expression of Capsulin constitute the proepicardial organ and are fated to migrate over the surface of the heart where they form the visceral pericardium and the coronary arteries (Viragh and Challice, 1981; Mikawa and Fischman, 1992; Mikawa and Gourdie, 1996) . The Capsulin probe appeared to label most, if not all, of the cells in this region of the embryo. . The numbers along the branches indicate the percentage of 100 bootstrap replications supporting the particular groupings. The distances between the groupings was determined by the numbers of differences and the trees were constructed by (A) the neighbor-joining method and (B) the unweighted pair group method with arithmetic mean (UPGMA), all of which are contained in the MEGA suite of programs (Kumar et al., 1993) . Fig. 3 . Capsulin expression during mouse development and organ distribution of expression at mid-gestation. (A) Poly(A+) RNAs isolated from staged mouse embryos were hybridized to a 3′-untranslated Capsulin probe. The same blot was re-hybridized to a b-actin probe, to correct for differences in RNA loading. Relative expression increases from embryonic day 9.5 (E9.5) to 17.5, with decreased signal in the E11.5 lane reflecting decreased RNA sample (see b-actin hybridization). (B) Poly(A+) RNAs were isolated from total E15.5 embryos (E15.5) or pooled isolated organs and evaluated by Northern analysis. Hybridization of the same blot was performed with both Capsulin and b-actin probes.
At 13.5 days of mouse development, hybridization was detected in the atrioventricular groove, in a pattern that marks the future location of the coronary arteries (Fig.  6A-D) . Capsulin expression thus persists in the cells of the proepicardial organ that give rise to the coronary arteries. Also, there was hybridization to cells in the region of the atrioventricular ring, and in the atrioventricular valves (Fig. 6A-D , and data not shown). By 13.5 dpc, expression was also detected in organs other than the heart, as predicted by the Northern blot experiments. Most significant was expression in the lung, kidney and intestine (Fig. 6A,B , E,F). In these organs, expression of Capsulin was detected in mesodermal cells that surround the epithelium. At 15.5 dpc, expression persisted in the peri-epithelial mesoderm. In the gut, a significant portion of these cells must represent smooth muscle cell progenitors (Fig. 7A,B) . Expression of Capsulin in the lung was more widely distributed (Fig.  7C,D) . While some of these cells will give rise to smooth Fig. 4 . Tissue-specific expression of Capsulin in the adult mouse. Total RNAs were isolated and evaluated by Northern analysis, with hybridization to a 3′-untranslated Capsulin probe and a b-actin probe. Lung and ovary show high level expression and low level expression is seen in the heart, spleen, kidney, intestine and uterus. muscle of the developing airways and blood vessels, Capsulin-expressing cells are also likely to contribute to other components of this organ.
Transfections
To evaluate the potential of capsulin to activate transcrip- Fig. 6 . At 13.5 dpc, Capsulin expression is seen in regions of coronary artery formation and in mesodermal cells that are in close proximity to epithelium. (A, B) Composite brightfield and darkfield images at mid-gestation reveal high level expression in the lung and gut, with some expression in the atrioventricular region of the heart (photos at 4×). (C, D) Brightfield and darkfield images from a separate embryo, showing expression of Capsulin in the atrioventricular groove, and also in the area of the forming atrioventricular ring. Also, expression in the lung and in the esophagus is noted (photos at 4×). Abbreviations: A, atrium; V, ventricle. (E, F) Brightfield and darkfield images reveal that peri-epithelial mesodermal cells of all segments of the forming gastrointestinal tract express Capsulin (photos at 4×). Orientation: rostral aspect is to the top, dorsal aspect is to the right. tion, transient transfection experiments were conducted in cultured NIH-3T3 embryonic fibroblasts using either of two E-box-containing promoters: a minimal viral promoter containing three E-box binding sites (E-luc), or the native 1.1 kb mouse vascular smooth muscle cell a-actin promoter (SMaA) which contains six E-boxes (Fig. 8) (Min et al., 1990; Kho et al., 1997) . Capsulin transactivated both promoters. Capsulin alone increased transcription of the E-luc promoter by up to 20-fold, which was further increased to 25-fold by the inclusion of E12 (Fig. 8A ). E12 and HEB alone or the combination of capsulin/HEB were substantially less active. The minimal SV40 promoter of pGL2 used in the construction of E-luc did not show activation by these bHLH factors (data not shown). Capsulin alone was the strongest activator of SMaA (Fig. 8) . In these cells, the SMaA promoter was activated 7-8-fold by capsulin, while the effect of either E12 and HEB was, at best, twofold above control. Furthermore, the activity of capsulin was not enhanced by either E12 or HEB.
Discussion
The cloning of capsulin extends the family of bHLH factors that are homologous to twist, and are expressed in the early mesoderm. Twist was initially characterized in Drosophila (twi), where expression at the onset of gastrulation was shown to be essential for development of the mesoderm (Thisse et al., 1988) . In the mouse, M-twist expression is considerably later in development and expression is restricted to specific portions of the mesoderm (Wolf et al., 1991) . Cloning experiments in several laboratories have characterized a family of twist-related factors that are expressed in restricted patterns that partition the mesoderm. The bHLH-EC2 (paraxis, mesol) gene is expressed throughout the mesoderm prior to twist, and expression is subsequently restricted to the paraxial mesoderm and the developing dermamyotome (Quertermous et al., 1994; Blanar et al., 1995; Burgess et al., 1995) . The bHLH factor encoded by this gene appears to be essential for patterning of the somite, although the molecular mechanism by which it mediates this function remains unclear . Scleraxis is expressed in the developing sclerotome and early bone-forming cells, dermo-1 expression is found in the dermatome and early skin (Cserjesi et al., 1995a; Li et al., 1995) . Although sequence comparison suggests that they are more distantly related, and they are also expressed in tissues originating from germ layers other than the mesoderm, the dHAND and eHAND (thing1 and thing2, HED, HXT) genes are essential for development of the mesoder- mal component of the heart (Cross et al., 1995; Cserjesi et al., 1995b; Hollenberg et al., 1995; Srivastava et al., 1995; Srivastava et al., 1997) . Taken together, these data reveal that a group of twist-related bHLH factors expressed in the early mesoderm have essential roles in organogenesis. We report here the cloning and initial characterization of a new member of this family of bHLH factors, and have named the encoded protein capsulin, to reflect the pattern formed by expressing cells that appear to encapsulate the heart and tubular structures in the lung, kidney and gut.
At 9.5 dpc, Capsulin expression marks the cells of the proepicardial organ. These cells, which arise from the septum transversum can be identified by their characteristic vesicular appearance, and have been shown through classical embryology studies in the chick embryo to migrate over the surface of the heart and give rise to the epicardium and the coronary circulation (Ho and Shimada, 1978; Mikawa and Fischman, 1992; Mikawa and Gourdie, 1996) . Histological studies in the mouse embryo have suggested that a similar population of cells serves a similar function in mammals (Viragh and Challice, 1981) . Recently, a series of lineage-tracing studies in chick, employing vital dyes and retroviruses have investigated in more detail the origin of coronary vascular cell phenotypes from the proepicardial organ (Mikawa and Gourdie, 1996) . Cells marked within the proepicardial organ gave rise to either endothelial cells or smooth muscle cells, suggesting that the proepicardial organ contains distinct populations of precursors for these coronary vascular cell types. It appears that most, if not all, cells of the proepicardial organ express Capsulin at 9.5 days, suggesting that either the cells are a homogenous group of progenitors at this stage or that the progenitors for the various cell lineages all express Capsulin. It would seem most likely that proepicardial cells represent a population of multipotent progenitor cells that are induced to enter different developmental pathways through inductive signals received during their transit over the heart. In this case, Capsulin might serve a role in the differentiation of these cells from the mesoderm. However, lineage-tracing studies suggest that the proepicardial organ contains smooth muscle progenitors and thus is likely to also contain progenitors for the other cell lineages. It is more difficult to postulate a role for capsulin in lineage-determining events of these multiple cell types. Capsulin might regulate a function such as migration, that is common to all cell types arising from the proepicardial organ.
At midgestation Capsulin is expressed in the mesodermal component of a number of tissues, including the lung, kidney and gut. There is no common developmental link between these tissues, other than the mesodermal origin of a portion of their cellular elements. A common feature of these tissues is that they contain epithelial-lined tubular structures. Expression in the mesoderm that will contribute to these organs is evident as early as 10.5 dpc and by 13.5 dpc there is a clear pattern, with Capsulin expression marking the cells that surround or encapsulate epithelia. This results in a doughnut-shape pattern in organs such as the lung. The pattern suggests that Capsulin expression is induced in these cells by signals from the epithelium. These cells give rise to the smooth muscle and connective tissue elements in these tissues. While it is clear from Northern blots that Capsulin is expressed in adult organs such as the lung, we have been unable to document by in situ hybri- Fig. 8 . Capsulin alone or in combination with E12 or HEB can transactivate promoters that contain E-boxes. (A) Transactivation of the E-boxluciferase reporter plasmid, E-luc. (B) Transactivation of the mouse vascular smooth muscle a-actin (SMaA). NIH-3T3 cells were cotransfected with the relevant reporter plasmid plus the pSVbgal plasmid to correct for differences in transfection efficiency. These corrected light units were then divided by the activity of the promoter region alone to derive the 'relative promoter activity'. These data are representative of three experiments each done in triplicate. dization the cells that express Capsulin in these adult organs. It is unclear whether this is a technical problem or reflects low-level expression in a large number of cells in these organs.
In vitro experiments indicate that capsulin is capable of binding cognate E-box consensus sequences and activating transcription. When an E-box of the muscle-specific creatine kinase enhancer was cloned upstream of a minimal promoter construct, capsulin was able to activate transcription of this synthetic reporter gene. Capsulin was also able to transactivate the native promoter of a gene that is expressed in the embryonic mesoderm and contains E-box binding sequences, the smooth muscle a-actin promoter. While multiple putative bHLH binding sites have been identified in the promoter of this gene by sequence analysis, this represents the first indication that bHLH factors may have a role in the transcriptional regulation of this gene. Smooth muscle a-actin is one of the genes that one might expect to be activated by capsulin in the mesodermal cells giving rise to the smooth muscle component of the organs where it is expressed.
Through the bHLH domain, the amino acid sequence of capsulin is remarkably similar to that of the Drosophila bHLH-102c protein (Figs. 1B and 2B) . This sequence similarity is striking when one considers the lack of homology outside this region and the evolutionary distance between these species (Fig. 2A) . These two genes might be true orthologs, with the sequence similarity in the bHLH domain reflecting an evolutionary constraint on this region that has prevented significant changes in the amino acid sequence. Alternatively, the similarity may represent convergent evolution by two unrelated or distantlyrelated genes. In either case, the close relationship of this region in distantly-related proteins, bolstered by the analogous expression patterns in developing muscle, strongly argues that proteins containing this motif are critical in the differentiation program of the tissues that express them. Clearly, gene knockout studies would aid in determining the function of these genes in differentiation. However, given the relationship of the HLH domains, mutational analysis of this region might be even more informative.
Materials and methods
Cloning and sequencing
A 450-basepair (bp) DNA probe corresponding to the bHLH domain of bHLH-EC2 was employed as a probe to screen approximately 1 × 10 6 clones of a murine 11.5 day embryonic library constructed in lgt11 (Clontech). Hybridization conditions were moderate-low stringency, 37°C with hybridization solution containing 50% formamide. Hybridizing clones were plaque-purified, the lambdaphage amplified, and DNA isolated according to established methodology (Ausubel et al., 1987) . cDNAs were transferred to plasmid and analyzed by restriction enzyme digestion and dideoxy chain termination sequencing (Ausubel et al., 1987) . A 400-bp clone resulting from this screen, clone 6, was distinct from the bHLH-EC2 clones, and was used in a high stringency screen of the same 11.5 dpc mouse embryo library. Two cDNA clones were thus isolated, one was identified as bHLH-C6 and the second was a highly homologous but unique clone. This second clone was subsequently named Capsulin, on the basis of its early expression pattern. The 400-bp clone 6 probe was subsequently employed in a high stringency screen of an 11.0 dpc mouse embryo library to obtain near full-length clones representing each of these novel genes. The sequence of the capsulin open reading frame was determined in both directions by dideoxy chain termination sequencing of various cDNA fragments subcloned into plasmids.
RNA blot experiments
Poly(A+) RNA was isolated from pooled whole-staged murine embryos or organs dissected from murine embryos at 15.5 days post coitum using the Micro-Fast Track mRNA isolation kit (Invitrogen). Total RNA was isolated from adult mouse organs by guanidinium isothiocyanate extraction and centrifugation through cesium chloride (Ausubel et al., 1987) . For RNA blot experiments, 2 mg of Poly(A + ) or 20 mg of total RNA was size fractionated, transferred to Magnagraph membranes (Micron Separations) and hybridized to a 32 P-labeled, random-primed Capsulin cDNA fragment (Lee et al., 1991; Quertermous et al., 1994) . Relative quantitation of RNA loading was performed by a second hybridization of the blots to a chicken b-actin probe. Hybridization, high stringency washing and autoradiography were performed as previously described (Lee et al., 1991; Quertermous et al., 1994) .
In situ hybridization
Sections were generated from paraformaldehyde-fixed, paraffin-embedded timed mouse embryos according to established methodology, or purchased from Novagen (Hogan et al., 1986) . Capsulin sense and antisense probes were generated by in vitro transcription of a 450-bp SacI/ EcoRI restriction fragment containing the most 3′ untranslated portion of the cDNA cloned into pGEM7zf using T7 or SP6 RNA. cRNA probes thus transcribed in the presence of 70mCi [a 33 P]UTP (NEN) were reduced to approximately 100 bases in length by hydrolysis under alkaline conditions. All the sections were deproteinized, acetylated, hybridized, RNase treated and washed employing established methodology (Hogan et al., 1986; Quertermous et al., 1994) . Of each cRNA, 4 × 10 6 cpm were hybridized per cm 2 of sections. Exposure times varied from 14 to 21 days. In no case did the sense strand control hybridizations show a specific signal above background.
Phylogenetic analysis of the bHLH proteins
The full-length proteins were first aligned using the ClustalW program for multiple alignments contained in the MacVector suite of programs. The distances between the proteins was determined by the number of amino acid differences between the proteins. The distances were then used to construct phylogenetic trees of the proteins. Two methods of tree construction were used. In the full-length tree the neighbor-joining method was used. In the bHLH domain tree, the unweighted pair group method with arithmetic mean (UPGMA) method was used. The distance-determining and tree-construction algorithms are contained in the MEGA suite of programs (Kawana et al., 1995) . This analysis software contains several different statistical treatments. A number of these options were used in the analysis, all of which gave similar results.
Transcriptional activity of capsulin
Transactivation assays were performed in NIH3T3 cells using techniques that were described previously (Kawana et al., 1995) . The E-luc promoter is the minimal SV40 promoter of pGL2 (Promega) into which an oligonucleotide containing three E-boxes was cloned, (pGL2(E-box) 3 ) Kho et al., 1997) . This reporter plasmid was a gift from Dr. M.E. Lee, Cardiovascular Biology Laboratory, Harvard School of Public Health, Boston, Massachusetts. The second reporter plasmid was generated by subcloning the 1.1-kilobase HindIII/XhoI fragment of SMP into pGEM7-Zf (±) (Promega), excising it as a SacI/ XhoI fragment and subcloning it into the reporter vector pGL2 (Promega) (Min et al., 1990) . SMP1, the mouse vascular a-actin promoter was kindly provided by Dr. A.R. Strauch, College of Medicine, Ohio State University, Columbus, Ohio. The cDNAs encoding the bHLH factors capsulin, E12 and HEB were independently cloned into the eukaryotic expression vector pcDNA3 (Invitrogen). Luciferase activity was quantitated and normalized to the b-galactosidase activity of a constitutive lacZ gene in pSVbgal (Promega) that was co-transfected.
